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EXPLANATION FOR MINERAL RESOURCES MAP

The mineral resources map is an assessment of the occurrence of mineral deposits in the McCarthy quadrangle by area
and type of deposit. Descriptions of known mineral deposits and occurrences in the quadrangle provided by MacKevett
(1976b) should be used in conjunction with this map. Areas enclosing both known deposits and areas favorable for unfound
deposits are delineated in the mineral resources map. Types of deposits known to be widely scattered throughout the
quadrangle, such as placer gold, and types with only a slight chance of being in the quadrangle are not delineated.
Selection of favorable areas was based on occurrences of known deposits and geologic, geophysical, geochemical, and
earth satellite data presented in the McCarthy folio (U.S. Geol. Survey MF maps 773A, B, D-N and Circular 739) and some
additional geochemical data published in open-file form (0'Leary and others, 1976). Delineation of boundaries was made
by the informed judgment of the team members, but final responsibility rests with the authors of this map. Criteria
used to select each of the following areas are listed below.

Favorable Mineral Resource Areas 1/
Type of deposit and criteria used to define areas—
Cuk Kennecott-type copper deposits
Areas
(EJE} a. Occurrence of known deposits
<=V b. Favorable rock type - stratigraphic confinement to lower part of Chitisone Limestone
c. High mercury values near and west of known deposits (possibly related te known deposits)
d. A few high arsenic stream sediment values (possibly related to known deposits)

Favorable rock type - some covered by other rock units
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p 6and7 Porphyry copper and molybdenum deposit

Favorable rock type

Hydrothermally altered zones observed in field and on Landsat imagery

Local high molybdenum and tin values in bedrock and samples from altered zome

High values of copper (as measured by atomic absorption), zinc, lead, and rercury in stream
sediment samples

Copper minerals observed in panned concentrates from stream sediment samples

Local veinlets of specular hematite observed

Local negative magnetic anomalies interpreted as possible results of hydrotthermal alteration
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Favorable rock type

Known molybdenite-bearing veins

High copper, molybdenum, and silver values in mineralized rock samples

High copper, molybdenum, and possibly gold and mercury values in stream sediments
Strongly altered zones observed in field; some detectable on Landsat imagery

Negative magnetic anomalies interpreted as possible resuits of hydrothermal alteration
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a. Favorable rock type

b. Known copper-bearing veins and veinlets with minor molybdenum, gold, and silver

¢. Local altered zones observed in field and on Landsat imagery

d. Negative aeromagnetic anomaly interpreted as possible product of hydrothermal alteration

a. Known porphyry copper deposits

b. Favorable rock type

c. Known vein deposit containing silver-bearing tetrahedrite
d. High molybdenum and copper in stream sediments

e. Altered zones observed in field and on Landsat imagery
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. High values of molybdenum from altered zone )
. Negative aeromagnetic anomaly interpreted as possible indication of hydrothermal alteration
. Skarns that are contiguous to some plutons locally contain copper

Known porphyry copper deposits

Favorable rock type

Strongly altered zones observed in field and on Landsat imagery

Similar geologic environment to nearby parts of Nabesna quadrangle that contain porphyry copper
deposits (Richter, Singer, and Cox, 1975)

High copper and silver values in panned concentrates from stream sediment samples

Negative aeromagnetic anomalies interpreted as possible indications of hydrothermal alteration

g. Copper and molybdenum anomalies in bedrock samples of sulfide-bearing Cretaceous granodiorite dikes
that intrude Nutzotin Mountains Sequence (M. L. Silberman and D. P. Cox, written commun., 1976)
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a. Same rocks as those in Nabesna guadrangle that are known hosts for porphyry copper deposits
(Richter, Singer, and Cox, 1975)

a. Small outcrops of favorable rock types
b. Known vein deposits containing gold, arsenic, and antimony, or gold, copperr, and molybdenum
c. High copper in stream sediments
d. High molybdenum in panned concentrates
e. Local alteration effects observed in field and on Landsat imagery
f. Aeromagnetic anomalies interpreted as possibly reflecting buried granodiorite rocks

Sk Contact-metamorphic deposit

-~

L§k;\ a. Known magnetite-bearing skarns with pyrite, pyrrhotite, and chalcopyrite

- b. Aeromagnetic anomaly possibly from skarn
c. Favorable rock types

7N,

\§Kg) a. Known massive pyrrhotite deposit that contains minor chalcopyrite and gold and probably is of the

skarn type

l-/Sour‘ces of information for the various criteria are: MacKevett (1976a), geology; MacKevett (1976b), mineral
deposits and occurrences; Case and MacKevett (1976), aeromagnetics; Robinson and others (1976a-g}, geochemistry; and
Albert and Steele (1976), Landsat imagery; MacKevett and others, (1977), background information.

MINERAL RESOURCES

This section summarizes the descriptions of the quadrangle's mineral deposits and resources that are given by
MacKevett (1976b) and discusses the significance and potential of these resources.

COAL

Seams of lignite, generally less than 0.5 m thick and 200 m long, are sparsely distributed in the Tertiary Frederika
Formation. The lignite deposits are best developed in T. 2 S., R. 18 E. and T. 3 S., Rs. 17, 18 E. Their small size,
erratic distribution, and remoteness suggest that commercial development is unlikely. Carbonaceous, locally lignitized
plant debris is sparsely distributed in some Upper Cretaceous rocks of the Matanuska-Wrangell terrane.

GEOTHERMAL ENERGY

According to T. P. Miller (oral commun., 1975), areas favorable for volcanogenic geothermal resources are generally
associated with felsic volcanic centers that are less than 0.5 million years old. The 1400-1500 year old felsic White
River ash (Stuiver and others, 1964), whose source is in the eastern part of the McCarthy quadrangle (Lerbekmo and
Campbell, 1969), represents the youngest known volcanic activity in the quadrangle. The source area for the ash qualifies
as favorable on this basis, and Smith and Shaw (1975, p. 67, 74) also consider it as having possible geothermal potential.
They {(p. 67, 74) also provide data on the White River and some Wrangell Mountain volcanic systems west of the quadrangle.
Other similarly young felsic volcanic centers have not been identified in the quadrangle, but'some may exist in remote,
largely icebound summit areas of the range. Development of the quadrangle’s geothermal resources is unlikely owing to
their location in rugged and remote terrain.

RADIOACTIVE MINERALS

By analogy with known uranium deposits elsewhere, the quadrangle has several rock units or geologic settings
favorable for uranium. Among these are: a) Quaternary glacio-fluvial deposits, which are extensive along the Chitina
River and its main tributary valleys and, in some areas west of the quadrangle, are intercalated with local Wrangel1
Lava flows; b) the Frederika Formation, which contains abundant clastic sedimentary rocks, some lignite and other
carbonaceous rocks, and intercalated lava flows and sills; c) the phosphate-bearing chert and spiculite of the upper
member of the McCarthy Formation; and d) some granitic rocks, particularly syenitic phases of the upper Paleozoic plutons.

Uranium or thorium minerals, however, have not been found in the quadrangle. Minor anomalous radioactivity was
detected in a sample of phosphate-bearing chert from the upper member of the McCarthy Formation; Walter Holmes, who
prospected for uranium in the quadrangle, reported that parts of the Frederika Formation emit weakly anomalous
radioactivity (oral communs., 1967). Most of our samples were routinely scanned for radicactivity, and several field
areas were checked with Geiger or scintillation counters. Although these investigations were not sufficiently broad
or thorough to constitute a detailed radiometric survey, they imply that the quadrangle has a Tow potential for uranium
and thorium.

PETROLEUM

No petroleum resources are known in the quadrangle. The Chitistone and Nizina Limestones, which in many places are
fetid when freshly broken, and carbonaceous parts of the McCarthy Formation are generally regarded as possible source
rocks for petroleum. These rocks were strongly affected by the Upper Jurassic to Lower Cretaceous regional orogeny, and
if they did contain petroleum, it probably migrated to distal regions. No favorable reservoir rocks that would have
provided hosts for the conjecturally migrated petroleum are known in the quadrangle. It is concluded that the potential
for petroleum resources in the quadrangle is poor.

METALS
Copper

Known copper deposits in the McCarthy quadrangle include the following types: (1) Kennecott, (2) porphyry, (3)
contact-metamorphic or skarn, (4) vein and associated deposits, (5) native copper lodes, and (6) placer. Each type is
discussed in turg.

Kennecott.--Kennecott-type deposits are exemplified by the four major Kennecott mines and by several smaller deposits
(see MacKevett, 1976b for locations). Before major mining stopped in 1938, the Kennecott mines produced 4.2 million tonnes
of ore that averaged about 13 percent copper and 66 grams of silver per tonne. Production from the smalier mines is not
accurately known. Kennecott-type deposits are irregular, massive, chalcocite-rich lodes that typically are restricted to
lower, largely dolomitic, parts of the Chitistone Limestone less than 100 m above the contact with the regionally subjacent
Nikolai Greenstone. The lower Chitistone crops out for gbout 100 km along the southern flank of the Wrangell Mountains and
is inferred to be concealed beneath approximately 520 km- of the quadrangle. Concealed lower parts of the Chitistone are
regarded as favorable hosts for Kennecott-type deposits, but current exploration techniques are inadequate for discovering
such deposits.

A1l the known Kennecott-type deposits are within a belt, less than 40 km long, where the Chitistone and overlying
Triassic and Jurassic formations attain their maximum thicknesses. The remaining, approximately 60-km-long Chitistone
outcrop apparently lacks Kennecott-type deposits, although it has been well prospected.

Kennecott-type deposits are associated with sabkha facies in the lower part of the Chitistone and are largely
stratigraphically controlled. The sabkha facies is best developed within the 40-km stretch that contains the known ore
deposits. Consequently, the favorable areas for concealed Kennecott-type deposits would be the subsurface projections
of the 40 linear kilometers of favorable outcrop. On the basis of the restricted occurrence of known sabkha facies and
thinning of the Chitistone to the northwest, it is estimated that about 25 percent of the covered Chitistone is favorable
for large Kennecott-type deposits.

The number of deposits per square kilometer in the explored, favorable area may provide a reasonable estimate of.the
number of deposits per square kilometer in the unexplored favorable area. The largest known ore body, at the Jumbo mine,
was about 460 m long (Bateman and McLaughlin, 1920); as an approximation, then, a band along the outcrop about 460 m wide 2
has been explored with respect to the largest known deposit. Since about 40 km of flavorable rock is exposed, about 18.4 km
(40 km X 0.46 km) has been explored and 25 percent of the 520 kmZ represents concealed favorable area yet to be explored.
The number of deposits of this large size (460 m long) yet to be discovered in the quadrangle can therefore be estimated
by the following ratio:

1 deposit _ X deposits
18.4 km< 520 kmé X 0.25

The estimate for undiscovered deposits is found by solving for X in the above equation; X is approximately equal to 7.
Small deposits remaining to be found in the quadrangle would be much more numerous.

Porphyry.--Indications of porphyry copper deposits are found in granitic rocks of Pennsylvanian, Late Jurassic,
Cretaceous, and late Tertiary age. The known porphyry copper deposits consist of interlacing or reticulated networks
of quartz veinlets and disseminations that contain.chalcopyrite, pyrite, and their oxidation products and, generally,
some molybdenite. Most of the deposits contain minor amounts of silver and gold. Evidence of hydrothermal alteration
is widespread, but its effects were not studied in detail.

None of these deposits has been drilled; in fact, some have not been claimed. Although it is not possible to make
grade and tonnage estimates for individual deposits because of lack of drilling, certain information that has a bearing
on such estimates is available. Porphyry copper deposits associated with Cretaceous plutons in the northeastern part
of the quadrangle are probably geologically similar to porphyry deposits in the Klein Creek pluton of Nabesna quadrangle
to the north (Richter and others, 1975); thus we could expect the distributions of average grade and tonnage to be the
same for these deposits. The Tertiary copper-bearing porphyries are best termed copper-molybdenum porphyries because
their copper content generally is only slightly greater than their molybdenum content in surface samples. Surface
samples also suggest that Tertiary porphyries may be somewhat higher in grade than porphyries associated with other
rocks in the quadrangle. The Tertiary porghgries have not been well explored, and several favorable areas not previously
recognized are shown on the map; the area between Chititu Camp and Pyramid Peak (area P7) and the area near TWA Harpies
(area P2) specifically noted for their potential for und scovered Tertiary porphyry deposits.

Because none of the deposits or favorable areas has had detailed drilling, it is not possible to say that there are
some specific number of porphyries in the quadrangle. However, the geologic, geochemical, geophysical, and
telegeologic evidence indicates that probably seven deposits are within areas P2 through Pg and that additional deposits
may occur in these areas and in areas Py, Pg, and P7. From the number and size of favorable areas and the consistency
of evidence used in selecting these areas, a subjective estimate by the authors of the number of porphyry deposits that
occur in the quadrangle can be expressed by the following points on a frequency distribution:

1) a 90 percent chance that there are 7 or more deposits,
2) a 50 percent chance that there are 10 or more deposits, and
3} a 10 percent chance that there are 13 or more deposits.

Surface samples and field examinations of the known deposits suggest that the tonnage and grade estimates made by
Richter, Singersand Cox (1975) for the Nabesna quadrangle are probably applicable for McCarthy porphyry deposits. The
Nabesna tonnage estimates were extrapolated from Canadian porphyries, whereas the grade estimates were based on the best
available information on average grades of porphyries in Nabesna quadrangle. Statistics reported by Singer, Cox, and
Brew (1975) on the grades and tonnages of 21 Canadian deposits were the basis for these estimates; however, the grades
were adjusted downward to reflect lower grades of the drilled deposits in Nabesna quadrangle. The estimated percentage
of porphyry deposits in the McCarthy quadrangle that will have various average grades and tonnage when completely drilled
are:

Tonnage Grade

90 percent > 60 million metric tons 90 percent > 0.10 percent copper
50 percent > 180 million metric tons 50 percent > 0.30 percent copper
10 percent > 500 million metric tons 10 percent > 0.55 percent copper

Contact-metamorphic.--Several contact-metamorphic deposits that contain copper are known in the quadrangle. They -
are in skarns that are localized in carbonate rocks adjacent to granitic plutons. They contain minor amounts of
chalcopyrite along with magnetite, pyrite, pyrrhotite, and silicate minerals. None of the contact-metamorphic deposits
has produced copper, although one yielded small amounts of gold and silver. Although some contact-metamorphic deposits
undoubtedly remain to be discovered in the quadrangle, particularly in the area Skj, it seems unlikely that a significant
amount of copper could be produced from them.

Veins and associated deposits.--Veins and less abundant, apparently genetically related deposits, such as small
pods, Tocal disseminations, and surface coatings, characteristically occur along or near faults in the quadrangle. Most
deposits contain bornite, chalcopyrite, chalcocite, pyrite, and silver; a few contain galena, sphalerite, stibnite,
realgar, molybdenite, and gold. Although these deposits are localized in rocks that range in age from late Paleozoic
(Skolai Group) to Cenozoic (Wrangell Lava), they are largely confined to the Triassic Nikolai Greenstone. Their production
consists mainly of small shipments from a few properties. The small size of the known veins and associated deposits
suggests that they probably will not be an important source of copper; however, they might prove useful in locating larger
copper deposits. Veins found in area Py might prove useful for this purpose.

Native copper lodes.--Native copper lodes are widely distributed in the Nikolai Greenstone. The copper is located
in specific flows, mainly in amygdules or in brecciated or rubbly upper parts of flows. A few flows contain broad, but
erratic disseminations of finely particulate native copper. The native copper ranges from microscopic particles to slabs
at least 30 kg in weight. In most cases extent of the native copper deposits is obscured by rugged topography and
overburden, including snow and ice. Many of these deposits are obviously small, but some apparently extend for several
hundred meters along strike and attain thicknesses of a few meters. Larger undiscovered native copper lodes could exist
in the quadrangle and, if found, might prove economic.

Placer.--Placer native copper deposits in the quadrangle are located in alluvium along streams and nearby benches,
and copper sulfides are in the unique glacier placer and talus ore bodies at the Bonanza mine. Native copper nuggets,
largely obtained from tailings of placer gold operations along Dan and Chititu Creeks, are utilized to a small extent
in jewelry and curios. Both the talus and glacier deposits have been exploited intermittently on a small scale during the
past 20 years. There is little evidence that the placer copper deposits represent an important copper resource.

Gold

The principal source of gold production has been from placer deposits. Lode deposits have contributed Tittle to the
gold production of the quadrangle, and it is unlikely that this situation will change in the future unless one or more
gold-bearing porphyry copper deposits are found and mined. The lode deposits generally occur as veins, gold-bearing
porphyry copper deposits, or gold-bearing skarns and are genetically related to Jurassic or Tertiary igneous activity.
The placer gold deposits are broadly distributed throughout the quadrangle and probably all of the drainage systems
contain at least trace amounts of placer gold. The deposits are most abundant, however, in the Nizina River drainage
basin; approximately 143,500 troy ounces of gold was produced from this basin prior to 1959 (Koschmann and Bergendahl,
1968, p. 14). Gold resources of the quadrangle include many placer-bearing streams and partly entrenched auriferous
bench gravels, particularly those in the Nizina River drainage basin.
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Molybdenum

Molybdenite occurs in discrete quartz veins or is associated with copper-molybdenum or molybdenum porphyry deposits
in the quadrangle. The resource potential of molybdenum from the vein deposits is minor; however, some of the veins
provide guides to nearby porphyry deposits. The porphyries, discussed in the copper section, represent the main
molybdenum resource in the quadrangle and contain molybdenum as a potential byproduct. Some surface samples and samples
of mineralized boulders on moraines of glaciers suggest that at least some of the deposits associated with upper Tertiary
plutons are possibly molybdenum porphyries. Available information is not adequate to determine whether these porphyries
are definitely the molybdenum type.

Silver

Silver-bearing deposits are known in host rocks that range in age from late Paleczoic to Tertiary. Except for
byproduct silver in Kennecott and native copper types of deposits, we interpret the silver-bearing lodes as products of
hydrothermal processes related to late stages of granitic plutonism. Silver occurs in minor amounts in many of the copper
and gold veins already described and in more significant amounts in several zinc and silver veins (MacKevett, 1976b).

Many of the porphyry copper, placer copper, and placer gold deposits are also known to contain silver in minor amounts.

In the McCarthy quadrangle the most important type of deposit for silver, both with respect to past production and to
undiscovered resources, is probably the Kennecott-type deposit. Past production from the major Kennecott-type deposits

was about 9 million troy ounces of byproduct silver. On the basis of the estimated large number of Kennecott-type

deposits that have not yet been discovered, the silver resources of the quadrangle are much larger than its past production.

Other metals

Several other metals occur in the quadrangle (MacKevett, 1976b), and some are potentially of economic interest.

Serpentinized alpine-type ultramafic rocks that form small outcrops along the northern flank of the Chugach
Mountains (MacKevett, 1976a) may contain geochemically significant concentrations of nickel, chromium, copper, and by
analogy with correlative ultramafic masses west of the guadrangle, platinum-group metals. The correlative ultramafic
rocks include those at the Spirit Mountain nickel-copper prospect (Herreid, 1970; Kingston and Miller, 1945), an
ultramafic .complex near Spirit Mountain, and the Red Mountain ultramafic assemblage (Hoffman, 1972), all in nearby
parts of the Valdez quadrangle. By analogy, the unprospected ultramafic rocks of the McCarthy quadrangle might contain
deposits of economic interest.

Also of possible economic interest is the zinc that occurs in sphalerite associated with smaller amounts of galena
in some deposits. These deposits form veins, disseminations, and small podlike masses in upper Paleozoic Skolai Group
marble and schist and Triassic Nikolai Greenstone and Chitistone Limestone. Incomplete exploration indicates that some
of the deposits have high zinc grades but small tonnages; further exploration might show that the tonnages are large
enough to support small-scale mining.

Although the source is not known, the large magnetic anomaly in Tps. 1, 2 N., Rs. 23, 24 E. is of possible resource
potential. As discussed by Case and MacKevett (1976), the size and intensity of the anomaly suggest that a large mass
of strongly magnetic rock is concealed in this area.

NONMETALLIC COMMODITIES

Large quantities of limestone, sand, gravel, and rock suitable for various industrial and construction purposes exist
in the quadrangle. Large volumes of carbonate rocks such as the Chitistone Limestone, the Permian limestone and marble,
and the Kaskawulsh Group marble have high calcium carbonate and Tow silica contents. Sand, gravel, and rock are widespread
in the quadrangle and have had limited use in local road building and similar construction. The economic significance
of these nonmetallic commodities, however, depends largely on their proximity to large population centers where they are
principally utilized. Hence, the economic potential of these commodities is low, and in the foreseeable future their
exploitation will probabtly be 1imited to local highway construction needs and other local demands.

REFERENCES

Albert, N. R. D., and Steele, W. C., 1976, Interpretation of Landsat imagery of the McCarthy quadrangle, Alaska: U. S.
Geol. Survey Misc. Field Studies Map MF-773N, 3 sheets, scale 1:250,000.

Bateman, ?. M.,]agg McLaughlin, D. H., 1920, Geology of the ore deposits of Kennecott, Alaska: Econ. Geology, v. 15,
no. 1, p. 1-80.

Case, J. E., and MacKevett, E. M., Jr., 1976, Geologic interpretation of an aeromagnetic map of the McCarthy quadrangle,
Alaska: U. S. Geol. Survey Misc. Field Studies Map MF-773D, 2 sheets, scale 1:250,000.

Herreid, Gordon, 1970, Geology of the Spirit Mountain nickel-copper prospect and surrounding area: Alaska Div. Mines
and Geology Geol. Rept. 40, 19 p.

Hoffman, Barry, 1972, Geology of the Bernard Mouptain area, Alaska: Alaska Univ., College, M.S. thesis, 68 p.

Kingston, Jack, and Miller, D. J., 1945, Nickel-copper prospect near Spirit Mountain, Copper River region, Alaska: U. S.
Geol. Survey Bull. 943-C, p. 49-57.

Koschmann, A. H., and Bergendahl, M. H., 1968, Principal gold-producing districts of the United States: U. S. Geol. Survey
Prof. Paper 610, 283 p.

Lerbekmo, J. R., and Campbell, F. A., 1969, Distribution, composition and source of the White River ash, Yukon Territory:
Canadian Jour. Earth Sci., v. 6, p. 109-116.

MacKevett, E. M., Jr., 1976a, Geologic map of the McCarthy quadrangle, Alaska: U. S. Geol. Survey Misc. Field Studies Map
MF-773A, 1 sheet, scale 1:250,000.

1976b, Mineral deposits and occurrences in the McCarthy quadrangle, Alaska: U. S. Geol. Survey Misc. Field Studies
Map MF-773B, 1 sheet, scale 1:250,000.

MacKevgtt, E. M., Jr., Albert, N. R., Barnes, D. F., Case, J. E., Robinson, Keith, and Singer, D. A., 1977, The Alaskan
Mineral Resource Assessment Program: Background information to accompany folio of geologic and mineral resource
maps of the McCarthy quadrangle, Alaska: U. S. Geol. Survey Circ. 739 (in press).

0'Leary, R. M.,.McDanal, S. K., Day, G. W., McDougal, C. M., and Robinson, Keith, 1976, Spectrographic and chemical analyses
of geochemical samples from the McCarthy quadrangle, Alaska: U. S. Geol. Survey open-file rept. 76-824, 806 p.

Richter, D. H., Singer, D. A., and Cox, D. P., 1975, Mineral resources map of the Nabesna quadrangle, Alaska: U. S. Geol.
Survey Misc. Field Studies Map MF-655K, 1 sheet, scale 1:250,000.

Robinson2 Keith, McDougq], C. M:, Day, G. W., and Billings, Theodore, 1976a, Distribution and abundance of copper in stream
sed}me?tzsgnd moraine debris, McCarthy quadrangle, Alaska: U. S. Geol. Survey Misc. Field Studies Map MF-773F, 1 sheet,
scale 1: ,000

1976b, Distribution and abundance of lead in stream sediments and moraine debris, McCarthy quadrangle, Alaska: U. S.
Geol. Survey Misc. Field Studies Map MF-773G, 1 sheet, scale 1:250,000.

Robinson: Keith, 0'Leary, R. M., McDougal, C. M., and Billings, Theodore, 1976c, Distribution and abundance of gold in stream
sed;me?t; and moraine debris, McCarthy quadrangle, Alaska: U. S. Geol. Survey Misc. Field Studies Map MF-773H, 1 sheet,
scale 1:250,000.

1976d, Distribution and abundance of arsenic and mercury in stream sediments and moraine debris, McCarthy quadrangie,
Alaska: U. S. Geol. Survey Misc. Field Studies Map MF-773I, 1 sheet, scale 1:250,000.

Robinson, Keith, McDougal, C. M., McDanal, S. K., and Billings, Theodore, 1976e, Distribution and abundance of molybdenum

iq bedrock, mineralized, vein, and altered rock samples, McCarthy quadrangle, Alaska: U. S. Geol. Survey Misc.
Field Studies Map MF-773J, 1 sheet, scale 1:250,000.

1976f, Distribution and abundance of silver in bedrock, mineralized, vein, and altered rock samples, McCarthy quadrangle,
Alaska: U. S. Geol. Survey Misc. Field Studies Map MF-773K, 1 sheet, scale 1:250,000.

Robinson, Keith, McDougal, C. M., O'Leary, R. M., and Billings, Theodore, 1976g, Distribution and abundance of gold in bedrock,

mineralized, vein, and altered rock samples, McCarthy quadrangle, Alaska: U. S. Geol. Survey Misc. Field Studies Map
MF-773L, 1 sheet, scale 1:250,000.

Singer, D. A., Cox, D. P., and Drew, L. J., 1975, Grade and tonnage relationships among copper deposits, U. S. Geol. Survey
Prof. Paper 967A, p. Al-Al11.

Smith, R. L., and Shaw, H. R., 1975, Igneous-related geothermal systems, in White, D. E., and Williams, D. L., eds., Assessment
of geothermal resources of the United States--1975: U. S. Geol. Survey Circ. 726, p. 58-83.

Stuiver, Minze, Born, H. W., and Denton, A. H., 1964, Age of widespread layer of volcanic ash in southwestern Yukon Territory:
Arctic, v. 17, p. 259-260.

EXPLANATION FOR GENERALIZED GEOLOGIC MAP
(GEOLOGY GENERALIZED FROM MACKEVETT, 1976)

DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

UNCONSOLIDATED SEDIMENTARY DEPOSITS (Quaternary)
SOUTH OF BORDER RANGES FAULT
METAMORPHIC ROCKS
Kv VALDEZ GROUP (Cretaceous and Jurassic?)
INTRUSIVE ROCKS

H

INTRUSIVE ROCKS (Eocene?) Typically, foliated granodiorite and tonalite
BETWEEN BORDER RANGES FAULT AND TOTSCHUNDA FAULT SYSTEM
SEDIMENTARY, VOLCANIC, AND METAMORPHIC ROCKS

e
£

WRANGELL LAYA (Quaternary and Tertiary) Chiefly subaerial andesitic lava flows and tephra; includes Tocal
subaerial sedimentary rocks of the Frederika Formation

MARINE SEDIMENTARY ROCKS (Upper and Lower Cretaceous) Includes MacColl Ridge, Chititu, Moonshine Creek,
Schulze, and Kennicott Formations, and unnamed Lower Cretaceous rocks

wl

MARINE SEDIMENTARY ROCKS (Jurassic and Triassic) Includes Root Glacier, Nizina Mountain, Lubbe Creek,
and McCarthy Formations, Kotsina Conglomerate, and Nizina and Chitistone Limestones

NIKOLAI GREENSTONE (Upper and (or) Middle Triassic) Mainly subaerial tholeiitic basalt; includes
subordinate Chitistone Limestone north of Totschunda fault system
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SKOLAI GROUP (Permain and Pennsylvanian) As mapped includes a few scattered remnants of Middle Triassic
sedimentary rocks in northeastern part of quadrangle

METAMORPHOSED SKOLAI GROUP (Permain and Pennsylvanian) Includes a few small outcrops of serpentinized
ultramafic rocks near Border Ranges fault

Rk KASKAWULSH GROUP OF KINDLE (1953) (Devonian?)
INTRUSIVE ROCKS
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FELSIC HYPABYSSAL ROCKS (Pliocene) Mainly porphyritic dacite

GRANODIORITE (Pliocene) Unfoliated granodiorite with local mafic border facies
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CHITINA VALLEY BATHOLITH (Jurassic) Mainly foliated quartz monzodiorite, granodiorite, and tonalite
GABBRO

MONZONITIC-GRANITIC COMPLEX (Pennsylvanian) Mainly non-foliated quartz monzonite and granite, local mafic
border facies

GABBRO AND ORTHOGNEISS (Pennsylvanian)
NORTH OF TOTSCHUNDA FAULT SYSTEM
SEDIMENTARY AND VOLCANIC ROCKS
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WRANGELL LAVA See above
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CHISANA FORMATION (Lower Cretaceous) Marine and subaerial volcaniclastic and volcanic rocks
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J NUTZOTIN MOUNTAINS SEQUENCE (Lower Cretaceous and Upper Jurassic)
NIKOLAI GREENSTONE See above

SKOLAI GROUP See above

INTRUSIVE ROCKS

FELSIC HYPABYSSAL ROCKS See above
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KLEIN CREEK PLUTON (Cretaceous) Chiefly granodiorite

Contact-Dotted where concealed

/”'““

"_,—"' High-angle fault-Dotted where concealed

y'. Thrust fault-Sawteeth on upper plate. Dotted where concealed
NOTE: Areas without letter symbols are glaciers and snowfields

Interior--Geological Survey, Reston, Va.--1977
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